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FOREWORD

This report was prepared by Thiokol Chemical Corporaiion, ReactIon Motors
Division, under U. S. Army Contract No. DA-11-070-AMC-85Z(W. It covers
work done in the fourth quarter of the program during the period 19 November
1965 through 18 February 1966. Mr. Z.- T. Ossefort of Rock Island Arsenal
is the Project Engineer. Contributors at Thiokol are: Mr. Nathan Mayes
(Principal Scientist) and Mr. Alan Jackson.
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ABSTRACT

The preparation of dicarboranyi aLkanes by ca.-boranylation of diacetileniC-
cornpounas z-dby allation of rnetallo carborane compounds was investigiateil.
o-Carbora;,_ _'erii-;tivea -)f such compounds were prepared by carboranylation

ofacetylenic cornpound--l. Aikylation reactions yielded o-carborane exocvcles
and mn-carborane low polymers.

A monomer, bis( 1- !inrodin-t-hyls iI- -o -carbo ran -2 -yl) propane was pre-
pa-red and its tht-rmal .i-~-;. 4 zation to the rn-carborane derivative was attempted.
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1. INTRODUCTION

The objective of this programn is the synthesis of thermally stable carborane
siloxane elastomers. The initial approach toxward this objective was the Drepara-

_ tion of polymer structure* I whe~re x =0, 1. and 2.

CH GH3 ,C- 3
-SIit(GH 3CB1 0 H1 0C(CHd3SiO - SiO --

CH13  %CH3  / xkt

During the first two quarters of the program, this approach led to the preparationj of several precursors and monomers including

CH3I CH3II
C1Si(CHZ)3CB1wH~oC(Cl-l)SiCl

and

FCH3 6o~o( H3i

both of which were polymerized to polymers of the desired structures. The
polymc.rs were obtained as gums of molecular weights 5000-8500 and higher.
The higher polymers did not dissolve and mrolecular weights are not known,
but these materials were tough elastomeric gums of apparently high molecularj weight and demonstrated the flexibility off the polymer chain.

Evaluation of polymer structure I (x = 0) for thermal and the rm al -oxidative
stability indicated stability in inert atmosphere to 370 0 C (700VF) but decomnpo-I sition in air at 240 0 C t465*F). These results indicated that carborane acted to

retrd hethermal rearrangements that polysiloxane chains ordinarily undergo,
but it did not appreciably inhibit oxidative attack on the silyl m-ethyl groups.
-with this knowledge, it became necessary to reexamine the approach that hadi
been taken and to consider altering the course of the program.

-----------------------------------------------------------------------------------------------------

I -CB1 0 H1 0C- denotes 1, 7-dicarbaclovod-odecaborane commonly called m-carborane

i Report RJMI 5o65-Q4
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The reason for the lack of thermal-oxidative stability it. the polymer under
discussion became apparent upon examination of some recently published work
concerning carborane siloxane polymers of somewhat different structure (Ref 1).
These polymers, with structures UI, III, IV, and V, contained carborane adjacent
to silicon.

CH3  CH 3

-SiCB 10 H10 aoiO -
I I
CH3  OH3

CH* CH3 OH3I -I I-SiCB HzCSiO SiO--
I I I
Oh 3  CH 3 CH3

HI

CH3  CH 3 OH3 CH3
I I I I

-SiCBIHIHOCSiO SiO SiO-
I I I I
CH3  CH3 CH 3 CH3

IV

CH3  CH3 OH 3 CH3 OH 3

-§iCBHIoC.iO §iO Sio iO-
CH3  CHCH3 CH 3 KH3

V

Polymer of structure 11, with carborane adjacent to every silicon, exhibited
stability to 5000C in an inert atmosphere and to 4500C in air. The polymers of
structures II, IV, and '1 exhibited progressively lower thermal oxidative sta-
bilities. The data indicated that carborane stabilizes adjacent silyl methyl groups
and protects them from oxidative attack. Silyl methyl groups farther removed
from carborane, as in polymers II1, IV, and V, were not protected, and lower
tnermal-oxidative stabilities were observed for these polymers. Thus, it was
apparent that polymers of str-acture I were not stable to thermal-oxidative attack
because in these structures the carborane group is too far from the silyl methyl
groups to protect them.

Report RMD 5065-Q4
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I It is evident then that to obtain carborane siloxane polymers of high thermal-
oxidative stability, the carborane must be positioned adjacent to silicon as in
structure II. Structure I, however, is a high melting resin (nip 2000C) and to
obtain elasticity, it is necessary to incorporate flexible linking groups into the
polymer chain. The linking groups may not be dimethylsiloxanes as in HI, IV,
and V because the methyl groups are not stabilized by carborane and are s-s-
ceptible to oxidation. The linking groups then must also be adjacent to carborane,
and in order to be within the known protective sphere of the carborane, the link-
ing groups should contain no carbon atom that is more than one atom removed
from carborane. Structure VI meets all of these requirements.

CH 3  CH3!
OSiCB zoHIoCCHzCHzCHzCHzCB 10H10 CSi

CH 3  CH3

VI

On the basis of the considerations discussed above, the course of the program
was changed during the third quarter to allow preparation of structure VI and
related structures. As a result, much of the third quarter and all of the t.-ourth
quarter has been devoted to the preparation of new carborane precursor rr aterials
and monomers.

I
I
I
I
i

[

-3
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II. TECHNICAL PROGRESS

A. PRECURSOR SYNTHESIS

The precursors necessary for the synthesis of monomers for the desired
polymer structures are the following dicarbo-anylalkanes: 1, 3-di-o-carboranyl-
propane, 1, 3-di-m-carboranylpropane, 1, 4-di-o-carboranyl'utane, 1, 4-di-xii-
carboranylbutane, 1, £ -di-o-carboranylpentane, and 1, 5-di-m-carboranylpentane.
It was anticipated that the o- carborane derivatives would be synthesized most
readily by direct carboranylation of the appropriate diacetylenic compound and
that the m-carborane derivatives would have to be synthesized by alkylation of
m-carborane.

The initial attempts to carboranylate diacetylenic compounds --' i-ieid so-ne
of the desired products; however, the yields were low (ca. 10 o The compounds
prepared were 1, 3-di-o-carboranylpropane and 1, 4-di-o-carboranylbutane.
They were prepared according to Equations I and 2.

CH3CN

B10H1 4 + CH3 CN -3 3 (CH3 CN)zBIoHIz + Hz (l)
reflux

(CH 3CN)zB 1 oa i + HC -C(CH 2 )3CCH - C-C (CHz) 3C-CH
\c/ \WI
B1oHo "B10H10

91ZCH 3 CN+ Hz

BOH 4 (CH )z S toluene - FCZHdz S1 B[(Cz HZre.ilux L J

(CZH j S]3 1 MIJ, - HC-C(CH1)4 C=CH -HoHC-C(C..C-c'- :\oi \o/
B10H10 B10 x-10

--(CZHzS- Hz

Report RMD 5065-Q4
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F

The low yields obtained prompted further investigation of the carboranylation
reaction as well as alternate means of preparation.

In attempts to improve the yields, we found that altering reaction conditions
such as reactant ratio, reaction time, solvent, and temperature did not sub-
stantially increase the yield. Difficulty in the carboranylation of diacetylenic
compounds has been reported by Hawthorne (Ref 2), who determined that isolation
of the monocarboi anylated intermediate followed by further carboranylation to
the desired product resulted in significantly higher yields. This approach was
tried here for the preparation of 1, 4-di-o-carboranylbutane. We found, however,
that even the monocarboranylated product was formed in low yield and that the
reaction was accompanied by gas evolution of the same order of magnitude as
the yield. This showed that the low yields are not due to sluggish reaction of
the second acet'lenic group but are due to an as-yet undetermined difficulty of
the primary carboranylation reaction.

In the course of this work, a new compound, the monocarboranylated product,

6-o-carboranylhex-l -yne, was isolated. It was distilled as a colorless liquid

(nz 1.5401) at 1140/0.17 Lnm. It was identified by its infrared spectrum

(Figure 1) and elemental analysis.

Ai-aisis Calcd.for CSHoB1 o: C, 42.81; H, 8.98; B, 48.21.
Founa C, 44.18;H, 9.27; B, 47.45.

The alternate procedure investigated for the preparation of dicarboranylalkanes
was based on Zakharkin's reported alkylation of mono- and dimetallo carborane
derivatives (Ref 3). We attempted to use this type of alkylation to prepare a
di-o-carboranylalkane according to Equation 3.

NH 3 (1)/ether
HC-CH + NaNH2  .. C-CH

B10H10  BIOHIO (3)
I

Br(CHz) 3Br

HC-CH(CH2 ) 3C-CH -S\0i \0i
B10H1 o B10 -I10

t

- 5
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•roAio- e
REACTION MOTORS DIVISION

CID- --

0 i
ii, '

0

_ _..

0-

. 01

Co _

0 0-

0

04

0 04

S),_t ;i - 0-

- o

0 0

C- c' -V -) .O

0 *0

I-I

-- , - l - - - - 1 _

0 0

C :, -__- 6, -

RDrMOSU-

Report RMD 5065-Q4



REACTION MOTORS DIVISION

According to the literature, the intermediate monometallo carborane wo..Md
form in at least 66% yield under the conditions used, and we expected that
this would react as indicated in Equation 3. The product isolated from the
reaction proved to be the cyclic 1, 2-o-carboranylcyclopentane (Ref 4). It
forms, appaiently, because a transinetalation equilibrium exists between
metalated carborane and carborane having a free hydrogen. The equilibrium,
as illustrated in Equation 4, is driven to the right in this casr because s low
energy path to cyclic formation exists.

Br(CHz) 3 Br + NaG-GH - Br((C)zl3 ---CH .b Nt.Br (4)

B101410 B 10H10

'ECz) 3 C---Ch + Na--CR Sx(CH, 3 C-CNa 1 HG--CH\P/ \0/ \o/ \0/
B101110o B10H10 131H61B1,0~

fast
Br(CH) 3 C---CNa - CHZ "CHz + NaBr

\o/ \I
Bi0HIc C C

The preparation of di-in-carboranylalkanes through alkylation of sodio-n-
carborane was investigated. The reactions attempted were I -sodio-m-carborane
with 1, 3-dibromopropane aid with 1, 4-dibro mobutane. The m-carborane de-
rivatives would not be expected to cyclize as did the n,-carborane compounds.
The reactiont did not yield the desired dicarboranylalkanes, instead products
that appear to be low polymers were obtained. One sxch product that was isolated
and analyzed by inrareJ rpectroscopy and elemental analysis is apparently
either HCBOHIOCACH) CBIJ{JJC(CHJ3 CBHOCH or HCBj 0H 1 C(GH jCB,H 0 -
C(GH) 3 aZGBjoHioCH. No solvent for this material could be found, hence.
molecular weights could not be determined.

Analysis Calcd. for C7HZ8B1 0 : C, 25.5; H, 8.62, B, 65.8.
ILzH44B3o • C, 28. 1; H, 8.65; B, 63.2.

C17H6oB4o : G, 29,3; H, 8.69; B, 62. a.

Found . C, 27.9; H, 8. 58; B, 61.5.

B. MONOMER SYNTHESIS

The innnormers to be s--nthesized are the bis(chlorodimethylsilyl) derivativt s
of the d;carhoranylalkanes narne above. The fist such monomer synthesized

7 - Report RMD 5065-Q4
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was bii-(l-chlorodimethylsilyl-o-carboran-2-yi)pc a.. This was prepared by
treating the dilithio derivative of 1, 3-di- i-carborr.nylpropane with a large ex-
cess of dichloradi-neihylsilane (Equation:,,

cther/hexazxe]
11C-c(Cl,', C-H + C;4H' Li Lic --- C.> i (CHd.3 C- " -L\o/ NO \.oi

L
QH ,.. H 3 I "CHi , zSiC1.,

2 L-WCI + C1iC--C,(CH2) 3 C--- iC_c H,\0/ \/H3
B1oH1o I-,

The product, recrystallized once from heptane. was obtained in 60%, 'ieid as a
solid of rn. p. 200-2050 Cz It was identified by its infrared spe ztrum r igure 2,
and neutralization equivalent, Neutralization equi-Plent c,_-uiated: ! 56.8;
tound 157.9,

The compound hydrqlyzed when treated with acetone and water, resultirig
in cleavage of the silicon-carborane bond and €:crnation of the original di-o-
carboranylalkane (Equation 6).

9H 3  CH3  acetone
C1SiC-C (CH ) 3 G -CiCl + HO " HC--C(CHz C -CH (6)

\o/ H\0/ \0/
B10H10  B10H1' 0  B10 110

Bis(1-chlorodim ethylsilyl-o -c arbc ran-2 -y propane was heated in an evacuated
sealed Pyrex tube at 350 0 C fOr 18 hours in an attempt to isomerize it to the
m-carborane isomer. The precedent for such a reaction is the quantitative iso-
i;.erization of 1, 2-bis(chlorodimethylsilyl)-o-carborane to the meta isomer
(Ref I) ant4 similar isomerizations of varioi-sly substituted disilyl-o-carboranes
(Ref 5). In the latter work, it was found that increasing substitution of large
grox.ps (phenyls) on silicon increased the strain on the C-C bond of o-carborane
and lowered the temperature required for isornerization. Thiokol-R-MD's efforts
to isornerize bis( l-chlorodimethylsilyl-o -carboran-2-yl)propane have not been
full) evaluated as of this writing: however, the infrared spectrum of the crude
pyrQalysiz .ro. .- t (Figure 3) shows no substantial quantity of impurity, indicating
no general decompt.sition. A new abaorption present at 8.6 microns could be
indicative of rn-carL.orane. A quantity of unreacted starting mate.-.al was re-
covered 'rom the crude pyrolysis product leaving a material for which the in-
frared spectrum is identical to Figu.re 3 except that the absorption at 8. 6 mi-
crons is somewbat stronger.

_ 8

Report RMD 5065-Q4
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Ill. DISCUSSION

This work has demonstrated that di-o-carboranylalkanes may be
prepared by carboranylation of diacetylenic compounds; however,
the low yields of these reactions are still unexplained. The complete
investigation of the reaction that would be necessary to determine
the optimum conditions to achieve high yields is beyond the scope of
the present program. Since our primary objective is the preparation
of polymer for evaluation, the work has been advanced toward this
end with the preparation of monomers from the available precursor
material.

Di-m-ca-boranylalkanes, the precursors for m-carborane silane
monomers, cannot be prepared directly by carboranylation of acetylenic
compounds. m-Carborane and its derivatives may be obtained only
by thermal isomerization of o-carborane or o-carborane derivatives.
In our efforts to prepare di-m-carboranyialkanes by alkylation of
m-carborane, we obtained none of the desired products. This failure
was due to the difficulty in limiting the alkylation to just one of the
reactive sites of m-carborane. To accomplish this, it would be nec-
essary to block one of the reactive sites, conduct the alkylation, and
then regenerate the reactive site to permit substitution of a chloro-
dimethylsilyl group. There are no means that are readily apparent
for doing this with m-carborane, but it is practical for o-carborane.
If o-carborane compounds are prepared this way, their subseauent
conversion to the meta derivatives by thermal rearrangement should
be practical. The blocking group for o-carborane would be a trialkyl
or triarylsilyl group of sufficient bulk that substitution of a second
such group would be sterically hindered. The steric hindrance and
the strain produced by two bulky groups on carborane have been
demonstrated by the lower tempe-atures required to thermally
isomerize such disubstituted carboranes (Ref 1, 5). Although sub-
stitution of a second bulky group would be hindered, alkylation would
be permitted. The silyl blocking groups could be removed by base-
catalyzed hydrolysis prior to the substitution of chlorodimethylsilyl

j Report RMD 5065-Q4
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groups. This scheme (Equation 7) lends itseif to the preparation of both

o-carboranyl and m -carboranylsilane monomers.

EC--CH 4 NaNI x-4 C aC .C-aC - CSHft 1
L J

CII
UL, Cl, a! *, 0

c B sM C - oc C : i , .- ,c S ..c < _ H C - CI H , ) c ~ < ... -- -, : -- c, , - ,c - :' '
ole 1.01iW

' 2.C

.. i C 2 i ...L ' '

'-;C8. i C e HC C' HCBI(C!QCH.$ H -

The monomer that has already been prepared in this work, bis(l-chloro-
dixnethvlsiivlcarboran-Z-yi)propaneo proved to be hydrolytically unstable, ano
it is therefore not polvmerizable by the usual hydrolysis/condensation type
reaction. It still may be polymerized, however, utilizing a sil- halide i r s -
alkoxide condensation reaction. This will necessitate the preparation of an
alkoxide derivative. The hydrolytic cleavage of the carborane-silicon bond,
even though it occurred without catalyst, was not entirely unexpected since acid
and base catalyzed cleavage of o-carborane-silicon bonds has been observed
before (Ref 6). We have seen that although a chlorosilane or a hydroxysilane
carborane monomer may cleave in this manner, the siloxane polymer can be
quite stable to hydrolysis (Ref 7).

Report :C4i 5065-Q4
I

__________ ____



AEACTION MOTORS DIVS'ION

IV. SUMMARY

The objective of this program is the preparation of a thermally stable
carborane siloxane elastomer. The original approach taken to achieve the
objective was the preparation of polymers of structure

CH3 CH3  CH 3

--Si (CHz)3 CB )H 1 0C(CHZ)3 SiO SiO
I I I
CH3  CH3  CH3 0, 1 and z

However, polymers of such structure were found to be susceptible to ther-
mal oxidation. As a result, the approach was changed, with the new objec-
tive being the preparation of polymers of structure

CH3  CH3
I I---SiCB 10H nC(CH) 3 s5'- 3 WHJCSiO
I I
CH 3  CH3

These polymers may be stable to thermal oxidation through stabilization of
silyl methyl groups and alkyl linking groups by the inductive or energy sink
effect of nearby carborane groups.

Toward the preparation of such polymers, o-carborane precursors of
structure HC-C(CHz) C--CH

\o/ n \o/
B*H10 BlH10

where n = 3 and 4, were prepared by carboranylation of diacetylenic com-
pounds. Attempts to prepare such compounds - as well as rn-carborane iso-
mers of such compounds - by alkylation reactions failed.

The monomer bis(l-chlorodimethylsilylcarboran-Z-yl)propane was pre-
pared. It was found to hydrolyze with cleavage at the carborane-silicon bond
and, therefore, it may not be polymerized by the hydrolysis/condensation
process. It will have to be polymerized by the silylhalide/silylalkoxide con-
densation reaction. This monomer, by analogy to other disilyl carborane com -
pound., may be expected to thermally rearrange to the m-carborane deriva-
tive. Studies of this rearrangement were started and initial results show
promise f. r the reaction.

- 13! Report RXID 5065-Q4
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